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Thi s study examin es Cretaceous to recent sedi ments from Msu fi # 1 wel l located in Mafia Isl and,
so uthern Tanzani a. A matu rity ass ess ment was made using th e vitrinite reflect ance (% Rv),
flu orescence colours , total organic cont ent (TOC) and palynofacies app roach. Dat a results were used
to evaluate matu ration levels, const ruct bu rial mod elling and det ermin e th e peak and po st-oil
gen eration windows . Tot al organic content TOC in (wt %) contains valu es ranges from 0.1 - 0.8%
impl ying matu red enough for hy drocarbon generation . P alynofacies particl es were characteri zed by
hi gh percentages of phytocl asts, main ly brown and black wood materials . Marin e and non -marine
palynomorp hs were also present in lower abundan ces with some bi odeg raded materials (AO M) that
con firm con tin ent al sh elf, sh allow marin e environment al conditions with a high terrigenous input.
Vit rinite reflect ance ranges from 0.3 - 3.4% Rv in di cating a th ermal matu rity lev el for oi l and gas
wi ndows . Sampl es display ed yellow to brown fluores cing colou rs signi fying matu rity level
th roughout the oil and gas window.
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INTRODUCTION
One of the developing hydrocarbon provinces in Tanzania is
the Shallow Continental Shelf, although little has been
published concerning hydrocarbon prospectivity, thermal
maturity and burial modelling. This paper presents the results
of maturity study and hyd rocarbon g eneration from a hundred
samples examined from Msufi # 1 well (07° 53 05S and 39° 45
09E). The well was drilled in a shallow offshore area on the
Mafia Island, southern Tanzania by the French Company
(Maurel & Prom) in 2008 at the total depth o f 5,632 m (Fig.1:
TPDC, 2005). The Msufi # 1 well penetrated four formations
from oldest to youngest, the Kipatimu, Ruaruke, Mafi a Shales
and Mikindani formations. The onshore geology is dominated
by basement rocks, with post-Precambri an sediments confin ed
to a series of restricted, near-coast onshore basins, shallow
offshore basins and deep o ffsho re basins.
*Co rrespo ndi ng author: Mkuu, D.E.1,2
1
Ocean & Science, University of South ampton , National
Oceanog raphy Centre South ampton NO CS), E urop ean Way, SO 14
3ZH, Sou thampton , UK
2
Tanzani a P etroleu m Develop ment Corporation, Directorate of
Up stream, P .O. Box 2774 , Dar-Es -Salaam, Tanzani a

Shallow Continental Shelf lies landward o f the D eep Offshore
Basin in the Indian Ocean, and is developed between the
Tanzanian continental shelf edg e and the D avie Fracture Zone,
200 km east of the coast on what is considered as a passive
continental margin (Kent, 1971; TPDC, 2005). The detailed
analyses of organic matter composition and thermal maturity
of the sediments h ave b een us ed to construct burial modelling
of the sediment, identi fy potential source rocks, and examine
the hydrocarbon potential.
Background geology and stratigraphy
Shallow Continental Shelf runs along the whole Tanzania
coastal belt, extending from the K enyan bo rder in the north to
the border with Mo zambique in the south. It is divided into a
series o f sub-basins, including the T anga, Ruvu, Mandawa and
Ruvuma sub-basins. The development of the Shallow
Continental Shelf was in fluenced by the break-up of
Gondwana and th e opening o f the India Ocean (Kajato, 1989;
Watkins, et al., 1992). The tensional forces of ri fting during
the break-up of Gondwana were associated with movement
between the blocks of M adagascar and Africa, creating a
displacement known as Davie Fracture Zone (Kent, 1971).
Tectonic activity along Davie Ridge initiated and developed
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the East African Rift System (EARS) which remains the major
topographic feature of East Africa (Mbede, 1991; Salman
&Abdula, 1995; Kapilima, 2003). The first phase of rifting
began in the late Carboniferous about 300 Ma (Bosellini, 1986;
Salman & Abdula, 1995), and subsequently during the
Permian, when regional upli ft and sedimentation in the
resulting grabens produced 1000 – 3000 m of mainly
continental, deltaic, fluvial and lacustrine sediments (Mbede,
1991). The second phase of renewed rifting was in the l ate
Jurassic (205-157 Ma) and was associated with the extrusion
of extensive flood basalts. These rifting events were associ ated
with the development of oceanic crust and the India Ocean
floor (Bosellini, 1986; Kajato, 1989; Mbede, 1991; TPDC,
1992). In Tanzania, a thick Upper Jurassic and Lower
Cretaceous sedimentary sequence were deposited in a series of
marginal basins which included the shallow continental shelf.
Sediments from the Shallow Continental Shelf d eveloped on a
passive continental margin, and the sedimentary sequences
display repeat ed transitions from inner to outer shelf
environments. In the early Jurassic this was represented by
shallow marine incursions into a non-marine depositional
system, and later, during the end o f Jurassic, the d evelopment
of fully marine conditions. The beginning of a long
transgressive phase of sedimentation commenced in the early
Cretaceous. Cyclic transgressive/regressive sedimentation
continued until the end of Cretaceous (Mbede, 1991). Tectonic
reactivation along the EARS occurred in the Paleogene, at
about 35 Ma, and continued into the Neogene (Mbede, 1991).
Landforms and b asins o f the ‘ modern’ asp ect were o riginated
and developed as a result of tectonic movements related to
both rifting and volcanism. It was at this time that extension on
NE-SW and N-S trending faults created the Ruvu, Mandawa
and Ruvuma sub-basins in south-eastern Tanzania which
characterize the “ Shallow Continental Shelf” Basin. T he Rufiji
Trough is oriented E-W and contains structures referred to as
the SongoSongo and Tagalala lineaments (Mbede, 1991;
Salman & Abdula, 1995). The study well penetrated
sedimentary successions spanning from the Upper Jurassic to
the Miocene in age. There is still no uni fied stratigraphic
nomenclature so recognized formation is still thick, heterolithic
and only informally named (Fig. 2). The oldest
lithostratigraphic unit in the Shallow Continental Shelf is the
Kipatimu Shales Formation (Upper Jurassic to Upper
Cretaceous). This unit comprises of alternating silty shales and
siltstones interbedded with fine-grained sandstones (TPDC
1979; Kajato, 1982). Transgressive events can be recognized in
the Kipatimu Formation by incursions of dinocysts. Above the
Kipatimu Formation lies the sandy Ruaruke Formation, and
above this is the Mafia Shales Formation (Lower Paleocene to
Upper Oligocene). The youngest lithostratigraphic unit is the
Mikindani Formation (Lower Miocene to Upper Miocene).
MATERIALS & METHODS
Materials
Two wells were drilled in Mafia Island Msufi well &Msu fi # 1
well) at a distance of eighty-fiv e point one meters 85.1m). A
total of one hundred samples were collected from Msu fi # 1
wellin Mafia Island at the distance o f ten-meter each. Msu fi #
1 is the second and deepest well drilled in Mafia Island closed
to the first well Msufi well) shown in Figure.3.
Total organic carbon (TOC) analysis: Total organic carbon
(TOC weight %) content was determined using a Carlo Erba

EA1108 elemental analyzer. Samples were dried at 70ºC in an
oven, prior to being ground using a pestle and mortar into
powder. Five to ten grams of each powdered sample was put
into a long test tube and dispers ed 5 - 10 ml of Milli-Q w ater.
The samples were then decalci fied initially using one to two
drops o f 37% hydrochloric acid which were added slowly and
carefully to avoid overly vigorous-reactions. Each sample
solution was shaken to mix thoroughly with the acid and left to
permit any reaction to take place until all carbonates were
dissolved. A repeated process of acidi fication was done by
adding one drop of hydro chloric acid each time until no further
reaction was observed. 10 ml of 37% hydrochloric acid was
added and left overnight to ensure th e removal of all
carbonates including dolomite. Samples were then n eutralized
until neutral again using Milli-Q water. These decalcified
samples (AC) were then dried in the oven at a low temperature
ready for elemental analysis Five grams of each powdered
samples from the each of the total carbon (TC) and acidi fied
carbon (AC) sample sets were put into tin capsules for
elemental analysis, and the EA-1108 calibrated using two
standards, a low organic carbon sediment standard (LOSS:
1.5% TOC) and a high organic carbon sediment standard
(HOSS: 6.1%).
Preparation of organic (palynofacies) r esidue: The samples
were grounded to approximately 2mm in size, and 5 to 10g of
sample processed, depending on the lithology of the sample
material. The samples were treated with concentrated 37%
hydrochloric acid to remove carbonates, neutralized and then
treated with concentrated 60% hydrofluoric acid to remove
silicates. Following neutralization and sieving at 15 µm, the
sample residues were then boiled in concentrated 37%
hydrochloric acid to remove any precipitated neo-formed
fluorid es. Thereaft er, samples were re-sieved through a 15µm
nylon sieve mesh. Deionized water was us ed for the final
sieving process, and residues were stored in labeled plastic
vials. Residues were mounted on coverslips and left to air dry,
before mounting in Elvacite 2044 onto glass slides ready for
investigation using an Olympus BH-2 microscope.
Examination of p alynofacies s edimentary organic matter) was
made under the transmitted light microscope. The palynofacies
of the pres ent study involved the identification of
palynomacerals as classi fied by Dow, (1977),
Durand, (1980), Batten (1982; 1996), Bergen et al., (1990)
and Tyson (1996). The palynomacerals were classi fied into
three g roups Fig. 4. the phytoclasts both structured: bl ack and
brown wood, cuticle; and poorly or non-structured ‘plant
tissue’, such as degraded (wood and cuticle), the palynomorphs
marine and non-marin e palynomorphs) and lastly, amorphous
organic matter - AOM structureless sapropelic gel from
biodegraded microbial production in m arine/lacustrine
sediments. The percentage of each palynomaceral was
established by counting at least three hund red p articles in each
slide where possible (Tyson, 1995). However, for those
samples with low organic content, a minimum of one hundred
particles was counted to characterize the diversity and
variability of palynomaceral particles in order to assess
changes in sedimentary environments. Palynofacies zonation
scheme for Msu fi # 1 well was creat ed using the Tilia©
computer program by running a stratigraphically constrained
CONISS cluster an alysis of the p alynomaceral raw count data
using square root trans formations of the data according to
Edwards and Cavalli-Sforza and Edward’s (1967) chord
distance.
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A: Outline map of Africa showing position of Tanzania
B: Geological map of Tanzania showing geology
C: Detailed map showing major faults and the loca tion of study well

Figure 1. Simplified map of the study area showing the geology of Tanzania, major f aults and the location of the well

Fig ure 2: The Lithostratig raphy log of the studi ed well sho wing four f orma tio ns (f rom oldest to young est) are Kipatimu, Rua ruke,
Mafi a Shales &Miki ndani f orma tio ns
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Vitrinite reflectance analysis: Vitrinite reflectance
measurem ents were made on polished sections of kerogen
particles using th e method of Hillier & Marsh all, (1992). A
water droplet containing residue from each sample to be
analyzed was dried on a coverslip that h ad b een sprayed with
PTFE (Polishing thin-film epoxy) releasing agent. This was
then attached to a frosted slide using Fast-gl ass resin which
sets using a catalytic promoter to a hard medium. The
coverslip was then popped off using a razor blade and the
exposed resin surface ground on 2500 grade emery paper
follow ed by successive polishing steps using 9.5, 3 and 0.5 μm
alumina oxide powder on Kem et® NSH-BM polishing pad on
a Kemet Metkon Forcipol 300-IV Grinder using glycerine oil
to fix slides on the holding plate. Deionized water w as used to
rinse the slides at the end of th e process. Measurement of
vitrinite refl ectance (Rv %) were made using a Zeiss UMSP-50
microscope configu red for refl ected white light and equipped
with a 40x oil immersion objective. A range of reflectance
standards was used to calibrate th e machin e, sapphirine
(0.413%), YAG - yttrium aluminium garnet; (0.919%), 3G
gadolinium germanium garnet; (1.727%) and diamond
(5.227%). Ideally, one hundred measurements of vitrinite
particles w ere made where possible, with down to a minimum
of fi fty measurements in samples containing fewer macerals.
Data were recorded in Excel sp readsheets and histograms of
vitrinite refl ectance values were constructed to Grapher and
plotted against depth.
Fluorescence analysis: Visual fluorescence colour estimation
(e.g., Robert, 1981) was used to determine the level of org anic
maturity in samples that had insu fficient vitrinite particles.
Examination of these fluores cence colours was made using the
UMSP-50 with an ultraviolet blu e light (UV) bulb with a
Phloem dichroic filter set 9 Band-pass 450-490 nm and Long
pass 520 nm (e.g., Gijzel, 1978; 1979; Robert, 1991). The
sporinite fluores cence intensity and colour changes with
increasing burial depth for the spores and pollen, from white to
yellow, yellow to sallow yellow, then to orange, orange to
brown and brown to black indicating maturity levels/phase
(Robert, 1981: Teichmüller, 1984). Data for sporinite colour
changes were recorded in Excel spreadsheets with fluores cence
colours replaced by numbers th at could be plotted against
burial depth e.g. 1 = white; 2 = yellow; 3 = sallow yellow; 4 =
orange; 5 = brown and 6 = black) that indicated the position of
the oil and gas windows.
Burial modeling: The burial modelling of the Msu fi # 1 well
was displayed against the measured vitrinite reflectance data.
An initial calibration of peak burial temperature was
determined from the mean random vitrinite r eflectance v ersus
measured burial heating temperature according to Barker and
Pawlewicz (1994); Mukhop adhyay and Dow (1994). This
equation produces a peak temperature estimate from vitrinite
reflectance that is used to start the burial modelling. Data from
the Excel sp readsheet containing well top, thicknesses,
formation units, age and lithologies were then input into
Genesis 15.4 software to construct burial history, thermal
history, and hydrocarbon generation of the well. Burial graph
profile from Genesis was then modelled to produce calculated
vitrinite refl ectance from the well to compare the measured
data and assess the veracity and robustness of th e model’s
subsidence modelling and formations that entered hydrocarbon
generation. Present-day average palaeo-surface temperature
and water depth/temperature during the Cretaceous Paleogene (Pearson, et al., 2007) have been used to build the
model of the studied well.

RESULTS AND DISCUSSION
TOC Data: The total organic carbon (TOC weight %) results
from the Msu fi # 1 well are shown in Figure 5, and the
numerical data a re p resented in tables 1. Sediments with TOC
levels above 0.5% are considered to be pot ential source rocks
(Jarvie, 1991). TOC values from the Msufi # 1 well range from
0.1 - 0.8%. However, TOC values vary throughout the
sequence, with the lower part of the Kipatimu Formation
(Upper Jurassic – Lower Cretaceous) showing low T OC values
of 0.1% in the shales at a depth of 5600 m which increases to
0.4 - 0.5% between 5500 m and 5100 m. An abrupt decrease to
0.1% TOC was noted at 4900 m before increasing again at
4800 m to 0.6%. However, higher in th e Kipatimu Formation
the maximum TOC values (0.7-0.8%) in the entire well were
noted from 4605 – 4200 m. TOC values are generally lower in
the sand-dominated Ruaruke Formation (Upper Cretaceous)
ranging from 0.2 - 0.6%. The Lower Paleocene to Upper
Oligocene Mafia Shales Formation has T OC values from 0.4 0.7%. The sandy Lower Miocene (Mikindani Formation)
contains 0.1% TOC at 500 m.
Palynofacies Data: Figure 6 shows the relative abundances
(%) o f palynomacerals determined for Msu fi # 1 well and the
numerical data a re pr esented in tables 2. Tabulated summaries
explaining the characteristic palynomacerals and their
percentages for each o f the p alynofacies zones recognized are
presented in tables 3. As will be seen in the section discussing
thermal maturity data (below), the k erogen assemblages in the
deeper parts of the well experienced TOC loss due to high
maturity levels using the equation of R aiswell and Berner,
(1987) suggests a pre-burial TOC of 0.5% which is likely to
have modi fied palynofacies assemblages. However, overall,
samples of all thermal maturity levels from Msu fi # 1 are
dominated by brown wood (vitrinite macerals) with
subordinate palynomorphs (sporinite macerals), of types III &
II kerogen r espectively.
The relatively consistent palynofacies charact er throughout the
well indicates that the palynofacies assemblages can still be
used to interpret the environments of deposition. In Msu fi #1,
the deepest (Upper Ju rassic - Lower Cretaceous) part of the
well is defined as Palynofaci es Zone 1 (Msufi PFZ 1) from the
base o f the well to the s ample at 5100 m and is found within
the Kipatimu Formation. Msufi PFZ1 is characterized by
samples containing an average 78% phytoclasts mainly (plant
tissue), 10% palynomorphs and 12 % AOM. Pollen and spores
comprise an average of 7% of the palynomorph assemblages.
These palynofacies assemblages indicate a high phytoclast
supply diluting other palynomaceral components, and with low
marine palynomorph values, would argue for deposition in
close proximity to the source of the terrestrial input in a
proximal shelf situation, subject to periodic low oxygen
conditions which permitted th e preservation of the moderate
levels of AOM (Tyson, 1995). Overlying this zone,
Palynofacies Zone 2 (Msufi PFZ 2) includes parts of the
Kipatimu and Ruaruke formations and includes samples from
5000 m - 3350 m, comprising assemblages averaging 80%
phytoclasts, 3% palynomorphs and 17% AOM. This zone
differs from the one below in having lower abundances of
terrestri al palynomorphs, specifi cally pollen average (2 %), and
<1% spores. Palaeoenvironmental conditions were similar to
those prevailing in Msu fi PFZ1, but the highe r average AOM
and lower palynomorph content may indicate slightly lower
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Fig ure 3: Map of the Mafi a Isla nd showing the dista nce between
two wells drilled in the Island

Figure 5. Total Organic Carbon (TOC) weight percent
values from the studied wells.

Fig ure 4: The palynofacies classificatio n used in present study
(af ter, Bergen et al., 1990).

oxygen levels at the depocentre. Palynofacies Zone 3 (Msufi
PFZ 3) includes samples from 3250 m - 2550 m, including the
Upper Cretaceous - Lower Paleocene of the Ruaruke and
Mafia Shales formations. This zone is dominated by samples
averaging 75% phytoclasts, 11% palynomorphs and 14%
AOM, spores reappear in this zone 1% of the assemblages, and
fungal spores become common (8%). The small increases in
sporomorphs and incoming of more abundant fungal spores
indicates either a greater influx of terrestrial palynomacerals or
increas ed proximity to the source by comparison to the
underlying palynofaci es zone. Above this, Palynofacies Zone 4
(Msufi PFZ 4) is restricted to the Mafia Shale Formation, from

the Lower Paleocene to Middle Eocene at samples from 2400
m - 1600 m, is characteri zed by assemblages’ average o f 65%
phytoclasts, 21% palynomorphs 14% terrestrial and 7% marine
and 13% AOM. T his zone di ffers from all those below in the
much greater abundance of all palynomorphs, particularly
marine p alynomorphs dinocysts and foraminiferal test linings,
which are indicative of a slightly more marine-in fluenced
setting than for Msu fi PFZ3, with more oxic conditions at the
sediment-water interface. Palynofacies Zone 5 (Msufi PFZ 5)
coincides with the upper part (Middle Eocene - Upper
Miocene) of th e Mafia Shal es Formation and comprises
samples from 1500 m - 1100 m with average compositions of
51% phytoclasts, 31% palynomorphs and 18% AOM. This
zone is characterized by the highest percentages o f marin e and
non-marine palynomorphs in the entire w ell. Samples from the
younger Mikindani Formation 1000 m - 300 m have been
defined as Palyno facies Zone 6 (Msufi PFZ 6), which is
characterized by lower pollen and spore percent ages than the
zone below, an absence o f dinocysts in the samples from lower
palynofaci es zone, foram test linings are very common up to
(19%), but average 6 % through the zon e. Assemblages in this
zone show average of 72% phytoclasts, 15% palynomorphs
and 13% AOM, and repres ent more proximal shelf
palaeoenvironmental conditions than the zone below.
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MK: Mikindani Formation
N: Neogene
Fig ure 6:Palynoma ceral rela tive abundances usi ng CONISS clusters showing palynof acies zones f or the
Msuf i #1 well PFZ1 - PF Z6;

Fig ure 7:Vitrinite ref lectance prof iles versus depth sho wing maturity zones for the Msuf i # 1 well
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Fig ure 8: Spores fluorescence f rom Msufi # 1 well showing maturity phas es of petroleum genera tio n

Fig ure 9. Genesi s burial profile of the Msuf i # 1 well, sho wing hydrocarbon transformation rates. MK: Miki ndani Formation;
MSH: Maf ia Shales Formatio n; RK: Ruaruke Forma tio n; KP: Kipatim u Formation
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using Equation 1 (below) from Barker & Pawlewicz (1994)
and used to produce an estimate to the start modelling:
Equation 1: T = lnRv + 1.68) / 0.0124
where T = maximum estimated burial temperature °C)
lnRv = natural logarithm of vitrinite reflect ance

Fig ure 10. Thermal gra dients f or the Msuf i # 1

Thermal Maturity Data: Thermal maturity data are shown in
tables 4. Vitrinite refl ectance analysis conducted on samples
from Msufi # 1 increases with burial depth, as would be
expected. Reflectivity from the Msu fi # 1 well ranges from 0.3
to 3.4% Rv . Vitrinite reflectivities have been used to defin e
thermal maturity zones following the works of Tissot and
Welte (1978). For clastic s ediments, immature sources are
defined as having vitrinite refl ectances of <0.5% Rv, mature
zones for early liquid hydrocarbons have values between 0.51.0 % Rv, condensates are produced between 1.0-1.5% Rv, dry
gas at 1.5-3.0% Rv, and sediments become post-mature at
levels >3.0% Rv. In Msufi # 1, samples from the deepest
sediments of the Kipatimu Formation from 5600-5400m
straddle the dry gas/post-mature intervals. Samples above this
up to and including the sample at 3860 m fall into the dry gas
zone. Samples from the Ruaruke Formation and low er part o f
the Mafia Shales at 2400 m fall into the condensate zone,
whilst those between this level and 2200 m are in th e early
mature, liquid hydrocarbon zone (Fig. 7). Samples above this
are mostly thermally immature. Interpretations of th ermal
maturity levels based on fluo rescence colour are t aken from
Van Gijzel (1978, 1979). Fluorescence data are more
equivocal, as most individual samples produced broad colour
variations amongst the spores measured, especially at
shallower depths, but generally show a dominance of darker
colours from yellow to orange below 1950 m (Fig. 8). All
samples below this depth are in the Kipatimu Formation,
indicating all bar the topmost part of this formation has entered
the window for early liquid generation, with lower parts
reaching stages of wet gas generation .
Burial Models: Burial modelling for th e study well was
created using Genesis software, and the results are shown in
figure 9. Maturation history in terms of burial and th ermal
evaluation was calibr ated using measured vitrinite reflect ances.
The present-day and palaeo-su rface t emperatures and wat er
depths used to build the model of the studied well are adopted
from Pearson et al. (2007). Calibration of peak burial heat
flow, refl ecting maximum temperatures during the burial of the
study well, have been determined from the mean random
vitrinite reflect ance and just an approximation of estimated
burial heating temperature from Barker & Pawlewicz (1994).
The thermal gradient for Msu fi # 1 well has been determined
by using geothermometry calculations and plotted on the graph
(Fig. 10). Geothemometry gradients have been calculated

In this regard, for Msu fi # 1, mean random vitrinite
reflectance, %Rv, is 0.3 to 2.9% from 1350 m – 5400 m. The
estimated burial peak equivalent for these mean vitrinite
reflectances range from 62° C to 225° C Barker & Pawlewicz,
(1994). For 1 km, the borehole d epth over which th ese v alues
occur is 5400 - 1350/1000 = 4.05 m. Estimated burial peak
difference = (Tpeak1 - Tpeak2 ) = 225°C - 62°C = 153°C.
Therefore, the thermal gradi ent can be calculated as 153/4 =
34°C/km reflecting the sediment thickness during the basin
uplift and erosion occurred in the Kipatimu Formation (Lower
Cretaceous) at about 120 Ma whi ch also h as a higher level o f
maturity. At this unit, the Msufi # 1 (4000 m – 5600 m)
achieved the thermal gradient temperature ranging from 168°
C - 235°C. T hese temperatures are ove r-estimated and do not
match with the one calibr ated in the burial model using
measured vitrinite reflectance values. However, Msufi # 1
received a large volume of sediment, resulting in an increasing
amount of heat and therefore, cover the windows for
hydrocarbon generation.
Conclusion
The analyses of Msu fi # 1well can be utilized to determine
hydrocarbon potential and generation. In terms of organic
richness, the highest TOC values in this well is encountered in
the Kipatimu Formation, varying from 0.1% - 0.8% which
demonstrates TOC levels consistently above the threshold of
0.5% in the middle and upper part of the Kipatimu, but also
shows values above this level in the top of th e Ruaruke and
lower-middle Mafi a Shales formations. In Msu fi #1 the
Kipatimu Formation is dominated by plant tissues i.e.,
degraded wood and cuticle; kerogen (Type III), with lesser
amounts of AOM (Type I) and black wood (Type IV) and thus
a typically more gas-prone (Dow, 1977; Tissot & Welte, 1978;
Peter & Cassa, 1994). In contrast, the Ruaruke and lower
Mafia Shales demonstrate less hydrocarbon potential, being
co-dominated by black wood (Type IV) and brown wood/plant
tissue (Type III), and lower levels of AOM. Vitrinite
reflectance analyses demonstrate th at the sediments below
2200 m are mature, and those below 5400 m are post-mature.
Burial modelling indicates that hydrocarbon generation began
in the Kipatimu Formation in the Late Cretaceous (~88 M a)
and continued until the Oligocene, with additional hydrocarbon
generation from the Mafia Shale Formation commencing in the
Miocene (~20 M a) and continuing to the present day. It should
be noted that the effect of temperature du ring burial diagenesis
can result in the loss of up to 50% of th e organi c carbon
content (Raiswell and Berner, 1987). Therefore, the TOC
content o f the Kipatimu Formation in Msufi # 1 could have
been at l east twice what it is now. The Kipatimu Formation is
buried beneath a pile o f 4 km of s ediment in Msufi # 1, and is
now over mature. The hydrocarbons generated from the Late
Cretaceous to Oligocene have migrated out of this unit and
may have been lost from th e local system, possibly through
local and regional fault structures.
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APPENDIX I
Tabl e 1: TOC data (weight percentages) f rom Msufi # 1 well

MSUFI # 1
FORMATION
Mikindani

Mafia Shales

Ruaruke

Kipatimu

DEPTH (m)
500
800
1500
2050
2200
2500
3000
3300
3500
3700
4005
4100
4200
4300
4400
4500
4605
4700
4800
4900
5000
5100
5200
5300
5400
5500

% wt TOC
0.1
0.1
0.5
0.6
0.5
0.7
0.6
0.4
0.4
0.4
0.5
0.2
0.7
0.7
0.5
0.7
0.8
0.5
0.6
0.1
0.5
0.4
0.4
0.3
0.4
0.4

11694

International Journal of Current Research, Vol. 12, I ssue, 05, pp.11684-11698, May, 2020

Tabl e 2: Palynom acerals relative abundances data (percentages) f rom Msuf i # 1 well
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Tabl e 3: Summa ry of the palynomacerals chara cteris tic and their percentages for each palynof acies zones f rom Msufi # 1 well

MSUFI # 1 WELL

PFZ 6

1000 - 300 4

PFZ 5 1500 - 1100 7

PFZ 4 2400 - 1600 5

3

4

4

2

7

5

0

4

3

Description

Foraminiferal
test linings

Dinocysts

Fungal spores

Pollen

Palynomorphs
Spores

Sample
Depths within
Zones

PFZ

(m)

6

Spanning the uppermost Mafia Shales to the
Mikindani formations, this zone differs from the one
below by having higher abundances of phytoclasts
and lower palynomorph abundances.

9

This zone concides with the upper part the Mafia
Shale Formation, and contains fewer plant tissues
than the zone below, higher abundance of both
marine & non-marine palynomorphs.

4

This zone is restric ted to the Mafia Shale Formation
and differs from those below in containing fewer plant
tissues but much greater abundances of both marine
& non marine palynomorphs.

PFZ 3 3250 - 2550 2

1

8

0

1

PFZ 2 5000 - 3350 2

0

0

0

0

PFZ 1 Base - 5100 5

2

2

1

0

In this zone spans the upper part of Ruaruke and
Mafia Shales formations and contains higher
abundances of terrestrial palynomorphs, notably
fungal spores.
This zone spans the middle Kipatimu to lower Ruaruke
formations, and the only palynomorphs represented in
any abundance are pollen
This zone includes the lower part of the Kipatimu
Formation and is characterised by higher
abundances of non-marine palynomorphs than marine
palynomorphs.

Table 4: Vitrinite reflectance data (Rv %) from Msufi # 1 well
MSUFI # 1
FORMATION

Mafia Shales

Ruaruke

Kip atimu

DEPTH (m)

Rv%

1350
1450

0.3
0.5

1600
1700

0.4
0.5

1800
1900

0.4
0.4

2100
2200

0.8
0.6

2300
2600

0.9
1.1

2800

1.1

3000
3860

1.3
1.6

4050
4100

1.9
1.6

4200
4300

1.9
1.8

4400
4605

1.6
2.5

4800
5000

2.6
2.4

5100

2.5

5400
5500

2.9
3.4

5600

2.9
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APPENDIX I
LIS T OF MS UFI # 1 WELL
S /N
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.

Depth
(m)
300
350
400
450
500
550
600
610
620
630
650
700
740
750
760
800
850
900
950
1000
1050
1100
1150
1200
1250
1300
1350
1400
1450
1500
1600
1650
1700
1750
1800
1850
1900
1950
2000

Formation

Lithology

M ikindani

Colour: Grey sandstones
Grains:
Unconsolidated
surface
sandstone coarse to medium grained

Colour:
Dark
grey
claystones
interbedded with siltstone
M afia Shales Grains: M edium to fine grained
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APPENDIX I
LIS T OF MS UFI # 1 WELL
S /N
40.
41.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.

Depth
(m)
2050
2100
2150
2200
2250
2300
2350
2400
2450
2500
2550
2600
2650
2700
2710
2750
2800
2850
2900
2950
3000
3110
3250
3350
3450
3550
3650
3750
3860
3950
4050
4100
4200
4250
4300
4350
4400
4450
4500
4540
4550
4560

Formation

Lithology

Colour: Dark
grey
claystones
interbedded with siltstone
Grains: M edium to fine grained
M afia Shale

Ruaruke

Colour: Pale greyish marlstones with
sandstones
Grains: Coarse to medium grained

Colour: Dark greyish shales
Grains: M edium to fine grained
Kipatimu
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S /N Depth
(m)
83.
4605
84.
4655
85.
4700
86.
4750
87.
4800
88.
4850
89.
4900
90.
4910
91.
4920
92.
4950
93.
4990
94.
5000
95.
5100
96.
5200
97.
5300
98.
5400
99.
5500
100. 5600

APPENDIX I
LIS T OF MS UFI # 1 WELL
Formation
Lithology

Kipatimu

Colour: Dark greyish shales
Grains: M edium to fine grained

*******

